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A Dynamic User Optimal Assignment Problem of Link Variables Based on the
Cell Transmission Model
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Abstract

GAO Zi-You!

LONG Jian-Cheng®

This paper develops a method for estimating the link travel time by using the cell transmission model (CTM)

and formulates a variational inequality problem of dynamic user optimal (DUO) based on the link variables. In our DUO

formulation, the variables are towards the destinations, which, at each interval, can provide the link inflow rates, the link

outflow rates, the link flows and actual travel times, consequently providing complete inducing information for travelers. To

get the solutions, we employ a modified projection method for the problem based on link variables. Our DUO formulation

is a good combination of the road traffic flow model and the network traffic assignment problem. Its practicability and

advantages are confirmed by numerical simulation.
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*# 1 BT
Table 1 Number of cell on link

JOM L 3 4 5
1—12 1—5 4—5
7T—8 4—9 5—6
7—11 5—9 6—7
32 9—13 6—10 9—10 12—8
8—2 11—-2 11—-3
10—11 12—6 13—3
*£2 OD ik
Table 2 OD demand
1—10 i B
OD 1—-2 1—3 4—2 4—3 6—2 6—3
ok 5 10 7.5 7.5 5 5

3 75 A R TR
Table 3 Signal positions and their fixed time plans

S BB BB A (B I ) (B S —kad i) (B

1-5 11 5 0
7—8 10 5 0
9—10 12 5 0
9—13 12 4 4
12—6 15 4 5
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Table 4 (a) The optimal actual route travel time for OD (1,2) and (1, 3)
M it
1-12-8-2 1-5-9-13-3 1-5-6-7-11-3 1-5-6-10-11-3 1-5-9-10-11-3 1-12-6-7-11-3 1-12-6-10-11-3
1 11.33 — — — — 22.00 22.08
2 11.00 - 25.43 25.45 - - -
3 11.00 - 25.50 25.50 - - -
4 11.00 - 27.02 27.04 - - -
5 11.33 — - — — - 27.63
6 11.00 27.34 — — — — —
7 11.00 27.02 27.02 27.02 27.02 27.02 27.02
8 11.26 26.02 26.09 26.10 26.02 26.02 26.02
9 11.57 25.37 — — — 25.35 25.36
10 11.72 24.37 — — — — —
(VE: BB KA LTS = FoR MR .)
#4(b) OD 4-2 1 4-3 (BN RAT S br 42 BT
Table 4 (b) The optimal actual route travel time for OD (4,2) and (4, 3)
B e
4-9-10-11-2 4-5-6-7-8-2 4-5-6-7-11-2 4-5-6-10-11-2 4-9-13-3  4-9-10-11-3 4-5-6-7-11-3 4-5-6-10-11-3
1 18.96 - — - 19.14 - — —
2 18.90 - — - 18.26 - — -
3 18.99 - — — 18.00 — — —
4 18.65 — — — 17.59 — — —
5 - 18.00 - — 17.65 - - -
6 17.73 - - - 17.19 17.19 - -
7 - 19.53 - - - - 20.73 20.73
8 - - 22.08 22.01 21.93 - 22.00 21.93
9 22.57 - 22.57 22.57 22.20 - - -
10 21.86 - - - 22.29 - - -
(7= BEBANI ERAR S AT S =7 FOoRMERAR BEBAE . )
#4(c) OD 6-2 fil 6-3 MBS AN SLER AR BT
Table 4 (c) The optimal actual route travel time for OD (6,2) and (6, 3)
L it
6-7-11-2 6-7-8-2 6-10-11-2 6-10-11-3 6-7-11-3
1 11.00 - 11.00 11.00 11.00
2 11.00 11.00 11.00 11.00 11.00
3 - 10.00 - 11.00 11.00
4 — 10.00 — 11.00 11.00
5 — 10.00 — 11.00 11.00
6 — 10.00 — 11.00 11.00
7 — 10.00 — 11.00 11.00
8 11.56 - 11.56 12.01 12.01
9 11.67 - - 11.92 11.86
10 11.82 - - - 11.48

(T BEBHNI BIBRAR AT “—" FORKIBRAR B AT )
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Table 5 Dynamic information of link
- - MANH mE s . i
ik MR SR 2 FEIE 3 FAEIE M 2 FAFIEN 3 HPLLR SRk
1 5.00 10.00 0 0 0 3.33
2 5.00 0 0 0 15.00 3.00
3 5.00 0 0 0 20.00 3.00
4 5.00 0 5.00 10.00 25.00 3.00
5 5.00 10.00 5.00 0 15.00 3.33
6 5.00 0 5.00 0 25.00 3.00
1—12 7 5.00 1.39 5.00 0 25.00 3.00
8 5.00 8.58 5.00 10.00 26.39 3.26
9 5.00 10.00 5.00 0 24.97 3.57
10 5.00 0 5.00 1.39 34.97 3.72
11 0 5.00 8.58 33.58 3.00
12 0 0 0 0 20.00 3.00
13 0 0 5.00 10.00 20.00 3.00
14 0 0 5.00 0 5.00 3.00
1 0 0.00 0 0 0.00 10.00
2 0 10.00 0 0 0.00 9.00
3 0 10.00 0 0 10.00 9.00
4 0 10.00 0 0 20.00 9.00
5 0 0.00 0 0 30.00 9.00
6 0 10.00 0 0 30.00 8.00
7 0 8.61 0 0 40.00 8.00
8 0 1.42 0 0 48.61 7.13
9 0 0 0 0 50.03 13.00
s 10 0 10.00 0 0 50.03 12.00
11 0 0 0 10.00 60.03 12.00
12 0 0 0 10.00 50.03 11.00
13 0 0 0 10.00 40.03 10.00
14 0 0 0 10.00 30.03 9.00
15 0 0 0 10.03 20.03 8.00
16 0 0 0 0 10.00 7.00
17 0 0 0 0 10.00 6.00
18 0 0 0 0 10.00 5.00
19 0 0 0 0 10.00 4.00
20 0 0 0 0 10.00 4.00
21 0 0 0 0 10.00 4.00
22 0 0 0 10.00 10.00 4.00
ARGy AN A BAR K A kb, SR DL a3
AR IR BT, H R AL, K ui(k) >0, Vae€ B,Vs,Vk (11)

h(k) B F RS F R R 41 — ol il
5

min 2(u(k)) = 5 73 s (k) (R,

st > ui(k) =Y wi(k)+ g (k), VI # s,¥s,Vk

a€A;

(10)

LR AR A [A), CTM A5 20 [ 8 v f 1 3R s B
EA I — L AR, 1L Lo M Szetol!, BEARA
VEFEIR, VRGN A A SRR [ S I PR ALt 36
4(a) ~ (c) (W LETT) g5 iz R IR ST IR, #id T
AT OD X 22 [ I 22 1) foe L A= BT, 7T LA S48
AT PR B8 AR A AT )N B AR BEL, 1 R4 A ) A
V)R AT A [ Ry e SRR AT R T, JF HL, AR AL PE
M DUO FATFHEHAT AR FEd R, B4 OD %)
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AR SRS RS T B AT T8 W % R B B 28 P 2% AT
A PR ) AU BB (K 4l 1, R N AIE K AR,
R i BB ol B R 1 LA K 3 SR INAT 2 HEAf 1)
e BERHATAG T 7 20 JA T B — P9 ) AR

References

1 Lo H K, Szeto W Y. A cell-based variational inequality
formulation of the dynamic user optimal assignment prob-
lem. Transportation Research Part B: Methodological, 2002,
36(5): 421~443

2 Szeto W Y, Lo H K. A cell-based simulation route and
departure time choice model with elastic demand. Trans-
portation Research Part B: Methodological, 2004, 38(7):
593~612

3 Florian M, Mahut M, Tremblay N. Application of a
simulation-based dynamic traffic assignment model. In: Pro-
ceedings of the IEEE 5th International Conference on Intel-
ligent Transportation Systems. IEEE, 2002. 439~444

4 Daganzo C F. The cell transmission model: a simple dy-
namic representation of highway traffic consistent with
the hydroaynamic theory. Transportation Research Part B:
Methodological, 1994, 28(4): 269~287

5 Lighthill M H, Whitham G B. On kinematics wave: II. A
theory of traffic flow on long crowed roads. Proceedings of
Royal Society of London. Series A, Mathematical and Phys-
ical Sciences, 1955, 229(1178): 317~345

6 Richards P I. Shock waves on the highway. Operational Re-
search, 1956, 4: 42~51

7 Daganzo C F. The cell transmission model part II: net-
work traffic. Transportation Research Part B: Methodolog-
ical, 1995, 29(2): 79~93

8 Ran B, Boyce D E. Modeling Dynamic Transportation Net-
work: An Intelligent Transportation System Oriented Ap-
proach. Berlin: Springer, 1996

9 Gao Zi-You, Ren Hua-Ling. Dynamic Assignment Problems
in Urban Transportation Networks: Models and Methods.
Beijing: China Communications Press, 2005. 147~169
(R B, RS, WSS or O 5 50k, dent: AT
J# iR A, 2005. 147~169)

10 Solodov M, Tseng P. Modified projection-type methods for
monotone variational inequalities. STAM Journal on Control
and Optimization, 1996, 34(5): 1814~1830

11 Nguyen S, Dupius C. An efficient method for computing
traffic equilibria in networks with asymmetric transporta-
tion costs. Transportation Science, 1984, 18: 185~202

E R A | BB INE 5 W TESE S35
T EAF A, RS 5 10 o AS T AR
SRt . AT AR L A T e AT AR
g8 ASCEEEH.
E-mail: aiplian@sohu.com
\ (LIAN Ai-Ping Ph.D. candidate in
ol \ systems analysis and integration, Bei-
jing Jiaotong University. Her research
interest covers transportation systems theory, planning and
management of traffic and transportation, and intelligent
transportation systems. Corresponding author of this pa-

per.)

BAA AR, BT
77 ) Ry ia % 2 S e ASM AR K
BRAR . 30T A 38 9 4% e v R AT 3 R 2% 5
E-mail: gaoziyou@jtys.bjtu.edu.cn
(GAO Zi-You Professor at Beijing
Jiaotong University. His research in-
terest covers operational research and
cybernetics, modeling and analyzing of traffic flow, urban
traffic network design problems, and complexity of trans-
portation networks.)

/& A | B ab i AN B i R 1155 B IR
(e RN AR R e S s S Tt Dk
MRS SIS | AWK 5
B REAL T RS

E-mail: 04114182@mail.bjtu.edu.cn
(LONG Jian-Cheng Ph.D. candi-
date in planning and management of

tong University. His research interest covers transporta-
tion systems theory, traffic flow simulation, planning and

traffic and transportation, Beijing Jiao-

management of traffic and transportation, and intelligent
transportation systems.)



